Abstract：The main objectives of this study are to analyze the leaked gas dispersion and quantify the potential overpressures due to vapor cloud explosions in order to identify the most significant contributors to risk by using Computational Fluid Dynamics (CFX & FLACS) for gas fuelled ships. A series of CFD simulations and analyses have been performed for the various gas release scenarios in a closed module, covering different release rates and ventilating methods.
Introduction
As part of provision for the current international movements in the shipping industry on fighting global warming through reducing GHG emission in air, new design concepts using natural gas as an alternative fuel source for propulsion of large commercial vessels, such as VLCC/AFRAMAX crude oil carriers, have been studied by Korean ship yards. LNG FGS (Fuel Gas Supply) system to use LNG as fuel source was recently developed for the propulsion of VLCC crude oil carriers.
The system design was focusing on the fuel gas supply process, which has the function of supplying natural gas from LNG storage tanks onboard to main engines of the vessel.
In order to identify all the possible hazards in the system and then enhance the system safety, a high-level Hazard Identification (HAZID) study [1] was carried out by a multi-disciplinary HAZID team on 11th-12th November, 2010, at DSME Okpo shipyard, Korea, under the lead of a HAZID facilitator. The HAZID analysis resulted in findings of 50 potential hazards as shown in Table 1 and then 95 recommendations for the identified potential hazards was drawn up and proposed. The recommendations represent issues that the HAZID team considered important to highlight therefore they need to be reviewed during the detailed design of the proposed LNG fuelled systems. As a result of some HAZID, gas leaks in a machinery room for pumps, compressor, heat exchanger and etc.
identified as the main hazards in the design which deserved further analysis. As the analysis was conducted, it turned out many novel issues associated with the design where in the gas supply The numerical analyses were carried out for assumed leaks inside the FGS room that fed high pressure natural gas to the engines, and the numerical setups shown in Table 2 . The leak points assumed was located near the high pressure pump around the air intake as shown in Figure 1 
Effects of Ventilation Conditions
Several runs were performed to assess the effect of ventilation efficiency in the closed modules as presented in Table 3 Figure 4 . This difference can be explained by wind "meandering" caused by a blow opening, which could direct the gas cloud allowing it to disturb and spread. That is, wind speed fluctuations are likely to have a strong effect on the downwind dispersion of the gas cloud, especially in stable and low-wind atmospheric conditions. 
Explosion Simulation

Initial and Boundary Conditions
The The same geometry used in gas dispersion simulation was also employed for explosion study as shown in Figure 6 . Explosion simulations were carried out using one ignition location for a given dispersion scenario of interest in Table 4 . The scenarios were evaluated to identify the maximum explosion overpressure that may be experienced as a consequence of an accidental gas release within the module.
Explosion
The predicted overpressure curves observed from ignition of the same flammable gas cloud for 4 cases were of the order 0.0006-0.006 barg inside the volume initially filled with gas as shown in The results of explosion analysis using FLACS are widely used for risk-based design decisions, especially in the gas fuelled ships, where the space available is limited. Since the machinery spaces such as FGS room are highly confined, they can be highly congested to generate enough turbulence, resulting in significant explosion overpressure. Thus, the effect of explosion mitigation measures, like rearrangement of equipment layouts, vent openings and blast walls are important to know during the early phase of ship design. These effects can be found from CFD simulations.
Conclusions
As a result of the HAZID study carried out by a multi-disciplinary HAZID team, "Frequent leaks in The CFD analysis results could be applied to provide input for detailed risk-base ship design and risk analysis, to find safe and cost-optimal design.
However, it must be kept in mind that the modeling gas dispersion/explosion is very complex and some discrepancies can be expected in certain cases, even if more and more scenarios are modeled accurately.
